Abstract High nest predation is one of the factors potentially driving farmland bird declines, particularly in the case of ground-nesting species. Accordingly, recent calls have been made to address predation in agri-environment schemes, but this is hindered by limited understanding of how processes operating at different scales affect predation patterns and how additional factors such as livestock trampling contribute to reduced nest survival. Using an artificial nest experiment, we assessed how field management, landscape composition and configuration, and the abundance of potential avian predators and mammalian carnivores affected predation and trampling rates in grassland fields (pastures and fallows) embedded in intensive Mediterranean farmland. Mean predation and trampling rates per field were 0.18±0.23 SD and 0.12±0.17 SD, respectively. However, there was strong spatial variation, with high nest losses (>50 %) occurring in about one quarter of the fields. Variation in failure rates was mainly related to livestock grazing and predator abundances, while the effects of landscape context were negligible. Predation and trampling rates were highest in fields with short swards. Predation rate was positively related to the abundance of Egyptian mongooses and dogs. To increase nest survival, agri-environment schemes designed for ground-nesting birds should contribute for maintaining low stocking density. Further evaluation is required on the need for controlling populations of fastexpanding generalist predators such as mongooses.
Introduction
Agricultural intensification is one of the leading causes of bird population declines across Europe (Donald et al. 2006) . Although these declines have been mainly related to habitat changes that reduce food and nesting site availability, there is evidence that increased predation may also be playing a role (Evans 2004) . As a consequence, there have been calls to address predation in agri-environment schemes designed to protect farmland birds (Van der Wal and Palmer 2008; Fletcher et al. 2010) , but this is hindered by an incomplete understanding of how agricultural changes affect predation patterns.
Ground-nesting birds seem to be particularly vulnerable to agricultural intensification (Bas et al. 2009 ), which may be related, to some extent, to their high exposure to nest predation
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Electronic supplementary material The online version of this article (doi:10.1007/s10344-013-0773-0) contains supplementary material, which is available to authorized users. (Yanes and Suárez 1995) . Intensification often results in higher predator abundance (Klug et al. 2009; Pita et al. 2009 ), which in turn can depress bird breeding success and population sizes (Yanes and Suárez 1996; Tryjanowski et al. 2002; Fletcher et al. 2010) . However, more predators do not necessarily translate into lower breeding success, because predation rates are strongly influenced by the composition and configuration of non-agricultural habitats at the landscape and local scales (Reino et al. 2010a; Rodewald et al. 2011; Ludwig et al. 2012) . Agricultural practices at the field scale are also influential, with grazing playing a particularly important role because it affects sward height and structure, which may modify nest exposure to predators (Dion et al. 2000; Davis 2005 ; Van der Wal and Palmer 2008) . Moreover, bird nests suffer from the additional risk of livestock trampling, which may further reduce breeding success (Reino et al. 2010a; Pakanen et al. 2011; Mandema et al. 2013) . While previous research addressed one or a subset of these factors, their combined effects have rarely been investigated (but see Johnson et al. 2012) .
To elucidate the impacts of agricultural change on ground nest survival, here we examine the combined effects of field management, landscape context, and predator abundances on nest predation and trampling rates in intensive farmland. The study focused on Mediterranean agricultural landscapes that are inhabited by a range of ground-nesting species of European conservation concern (Bota et al. 2005) . There is strong evidence suggesting that these species are negatively affected by the intensification of agricultural land use (Brotons et al. 2004; Reino et al. 2010b; Moreira et al. 2012) , but the potential roles of nest predation and trampling on population declines have been largely overlooked (but see Yanes and Suárez 1996; Reino et al. 2010a; Vögeli et al. 2011) . These effects may be relevant, because previous research has shown that land use intensification in Mediterranean farmland may be associated with increases in both the abundance of generalist predators Pita et al. 2009 ) and stocking densities (Bernués et al. 2011) . There is also evidence that low nest survival may result in poor body condition of breeding adults due to the energetic demand of replacement clutches (Suárez et al. 2005a, b) , and it can be an important reason of local population declines (Yanes and Suárez 1996; Vögeli et al. 2011) . Nonetheless, information is still missing on the factors affecting nest survival in intensive farmland, though this would be important for improving agrienvironment schemes favouring the conservation of groundnesting birds in the Mediterranean region and elsewhere.
This study examined these issues in grassland fields (pastures and fallows) embedded in an intensive Mediterranean farmland landscape, using an artificial nest predation experiment to (a) estimate the contribution of predation and trampling to ground nest failure risk; (b) model the relationships between nest predation and trampling rates, and variables reflecting field management, landscape context, and predator abundances; and (c) estimate the relative contributions of field, landscape, and predator sets of variables to variation in nest failure rates. Results were then used to discuss the potential negative effects of predation and trampling on Mediterranean ground-nesting farmland birds and on possible conservation management actions that could counteract such effects.
Methods

Study area
The study was conducted in the coastal plateau of southwestern Portugal (37°20′-37°55′N, 8°42′-8°50′W). The climate is Mediterranean, with mean annual temperatures around 16°C and mean annual rainfall around 650 mm, of which >80 % occurs from October to March (AEMET-IM 2011). The landscape is predominantly flat and devoted to agriculture, largely dominated by irrigated arable crops and beef cattle production. Forest cover is restricted to some woodlots and windbreaks of planted eucalyptus and pine trees delimiting agricultural fields. Agricultural management has become more intensive since the early 1990s, including increases in cattle densities, pasture improvement, and building of road networks and irrigation infrastructures. The most widespread and abundant ground-nesting birds are corn bunting Emberiza calandra , fan-tailed warbler Cisticola juncidis , tawny pipit Anthus campestris , short-toed lark Calandrella brachydactyla , and crested and Thekla larks Galerida cristata and G. theklae (P. Beja, unpublished data). There are also other grassland bird species of high conservation concern, including little bustard Tetrax tetrax and stone curlew Burhinus oedicnemus (P. Beja, unpublished data). The assemblage of potential avian nest predators includes white stork Ciconia ciconia, cattle egret Bubulcus ibis , gulls Larus spp., and corvids such as carrion crow Corvus corone , jackdaw Corvus monedula , and jay Garrulus glandarius (P. Beja, unpublished data). The most common mammalian carnivores are Egyptian mongoose Herpestes ichneumon, red fox Vulpes vulpes, and domestic dog Canis familiaris (Pita et al. 2009) . A more detailed description of the study area is provided by Pita et al. (2009) .
Study design
The study used 57 fallow fields and pastures >1 ha (mean ± SD 7.4±2.4 ha), which were selected randomly across the study area, conditional to a minimum distance of 1 km between field boundaries (mean ± SD 1.6±0.5 km) (see details of field selection in Pita et al. 2009 ). Predation and trampling rates were estimated in 2002 (17 fields) and 2003 (40 fields) using an artificial nest experiment. We used artificial nests to overcome the extreme difficulty of finding real nests in the study area, thereby obtaining sufficiently large sample sizes to test ecological hypothesis. Although artificial nests often provide inaccurate estimates of the failure risk of real nests (Major and Kendal 1996; Villard and Pärt 2004) , they are generally considered appropriate for identifying factors affecting spatial and temporal variation in nest survival (Roos 2002; Batáry and Báldi 2005; Pakanen et al. 2011; Ludwig et al. 2012; Mandema et al. 2013) . Furthermore, artificial nests allowed failure risk to be assessed at the landscape scale using a consistent methodology across different habitat types, which were inhabited by different species with particular behavioural idiosyncrasies and microhabitat selection patterns. Artificial nests were also used because they allow estimates of nest predation in habitats that may be actively avoided by birds due to high nest failure risk (Latif et al. 2012 ) and because previous research has shown significant relationships between artificial nest survival and population trends of ground-nesting birds (Vögeli et al. 2011) .
Variation in predation and trampling rates estimated from the artificial nest experiment was related to sets of variables reflecting field management, landscape context, and predator abundances, which were selected based on previous studies documenting the main factors affecting ground nest survival (e.g. Van der Wal and Palmer 2008; Pakanen et al. 2011; Ludwig et al. 2012) . The main interest was on potential avian predators and mammalian carnivores, because previous research has shown significant variation in their abundance patterns in relation to ongoing changes in land use and management practices Pita et al. 2009; Reino et al. 2010a ).
Field and landscape variables
Fields were characterised using nine variables reflecting sward structure, hedge characteristics, the presence of linear structures, and livestock (mainly cattle) occurrence (Table 1;  Table S1 in Electronic Supplementary Material (ESM)), following standard methods used in previous studies (e.g. Reino et al. 2010b) . Sward structure was characterised from the mean height of herbaceous vegetation and the proportion of bare soil, which were estimated from 60 evenly spaced measurements taken along a transect crossing the longest axis of each field. Hedges and linear structures were considered because they may strongly affect predator abundance (Pita et al. 2009; Ludwig et al. 2012) , and they were characterised from measurements taken in the field. The frequency of occurrence of livestock estimated from four or five visits to each sampling field during the breeding season was used as a proxy of grazing intensity, because more detailed data on stocking rates and grazing schedule (timing and length of the period each field was grazed by livestock) could not be obtained from landowners.
Landscape context was characterised in a 1-km radius buffer around the centre of each field, from 11 variables reflecting dominant land cover types, landscape configuration, and the density of linear structures (Table S1 in ESM). Landscape variables were computed in a geographic information system (GIS), using land cover maps produced with aerial orthophotos dated from 2002 (scale 1:22,000) considering a minimum mapping unit of 0.5 ha, which were validated through ground-truthing. Landscape configuration was estimated from metrics reflecting the fragmentation of open agricultural habitats, using the Patch Analyst extension (version 3.2) of Arc View ® GIS (Rempel et al. 2012 ).
Predator surveys
Mammalian carnivores and potential avian predators were surveyed along linear transects located within the 1-km radius buffers used to characterise the landscape context. Although this buffer size was relatively small compared to the home ranges of most species surveyed, it was used because we wanted to detect predators close to the fields where artificial nests were located, which were more likely to be involved in predation events than predators detected farther away. The survey of mammalian carnivores was carried out in May and June 2002, and in June 2003, based on the detection of field signs such as faeces and footprints, and following the methods detailed in Pita et al. (2009) . Briefly, sign surveys within each buffer were made along linear transects of about 2-km length. About half of the length was walked along the edges of each sampled field (average field perimeter ± SD 1.2 ±0.2 km). The other half (average length ± SD 1.0±0.1 km) followed dirt tracks, fences, field edges, ditches, and riverbanks, and it was placed so that dominant land uses were sampled approximately in proportion to their availability. All searches included a 20-m wide strip to each side of the main path and were made by the same observer (RP) to enhance comparability. Although surveys based on field signs have been criticised (e.g. Walker et al. 2000) , this approach is generally considered valid for studies conducted at the landscape or regional scales (Virgós 2001; Wilson and Delahay 2001; Beja et al. 2009 ), based on strong evidence indicating a good fit between carnivore field signs and population density or animals activity (e.g. Tuyttens et al. 2001; Sadlier et al. 2004; Barea-Azcón et al. 2006) . The number of signs detected per kilometre was used as an index of carnivore abundance, though it should be kept in mind that it may reflect both animal density and the activity of individual animals.
Potential avian nest predators were counted along walked line transects (Bibby et al. 2000) . Within each buffer, bird counts were carried out in early morning or late afternoon, in two occasions (June and July) along one 1,000-m transect in 2002, and in three occasions (April, May, and June) along one 2,000-m transect in 2003. Transects followed dirt tracks, and they were placed so that dominant land uses were sampled approximately in proportion to their availability. The average number of birds detected per visit and kilometre was used to index the abundance of each species. Longer transects and more replications imply that estimates were probably more precise in 2003 than in 2002, but differences in sampling effort were unlikely to have introduced any significant bias.
Nest survival
The artificial nest experiment followed the procedure described in detail in a previous study (Reino et al. 2010a) . At each field we placed arrays of four nests along perpendicular transects, at distances of 1, 10, 25, and 50 m from a hedge. Transects were 50-m apart from each other and from the field boundaries. Depending on field size, the numbers of transects and nests per field varied from 1 to 5 (mean ± SD=4.1±1.1) and from 4 to 20 (mean ± SD=16.4±4.3), respectively, resulting in a total of 936 nests and in a mean density (±SD) of 2.5±0.8 nests/ha (range 0.9-5.4). This density is of the same order of magnitude, albeit somewhat higher than that of real ground nests in the study area, where territory mapping (Bibby et al. 2000) yielded estimates of 0.9±0.5 (mean ± SD) ground-nesting bird territories per hectare (0-2.5, n =57) (P. Beja, unpublished data).
Nests were set by a single researcher (RM) wearing latex gloves and rubber boots, to avoid potential bias due to variation in nest placement criteria and to reduce problems due to transfer of human scent. Each artificial nest was a simple depression in the soil, where two fresh quail (Coturnix sp.) eggs were placed. Quail eggs were used because they were readily available and because we wanted to minimise predation by small mammals (Roper 1992) , given our main interest on avian predators and mammalian carnivores. Although quail eggs are relatively large, they have been useful to estimate spatial variation in nest failure risk for ground-nesting passerine similar to those found in the study area (Pescador and Peris 2007; Cortés-Avizanda et al. 2009; Vögeli et al. 2011) . Artificial nests were placed during 1-5 May 2002 and 7-12 May 2003, and they were left in the field for 15 days, which was comparable to the typical incubation period of Mediterranean grassland passerines (Yanes and Suárez 1997) . The outcome of the experiment was assessed by visiting the nests 2 weeks after their placement in the field. Nests were classified as trampled when we detected the presence of hoof marks and smashed eggs. The other nests were classified as predated if at least one egg was missing or showed tooth marks or cracks (Reino et al. 2010a) .
Predation and trampling were competing risks, and so simple proportions of nests that fail because of each cause may provide biased estimate of cause-specific failure rates (e.g. Etterson et al. 2007 ). To solve this problem, it was assumed that predation and trampling events were independent within each field and that predated nests remain exposed to trampling. The first assumption implies that within each field the proportion of predated nests is equal in the subgroup of nests not trampled and in the total group of nests if there was no trampling, justifying the estimate of nest predation rate as the number of predated nests divided by the total number of nests that were not trampled. The second assumption implies that nests predated and then trampled are classified as trampled due to the presence of the characteristics hoof marks. Therefore, we estimated trampling rate as the total number of nests classified as trampled divided by the total number of nests exposed. This procedure estimates the probability of a nest being trampled, and not the probability of a nest failing due to trampling, because some nests could have failed before trampling due to predation. Finally, overall failure rate was estimated by summing the number of nests classified as predated or trampled, and then dividing by the total number of nests exposed. Global failure rates were computed instead of daily survival rates, because it was not possible to make visits to each nest a sufficiently short intervals, both due to logistic constraints, and because we wanted to minimise the risk of human observers increasing the intensity of nest predation (Major 1990 ).
Data analysis
Prior to statistical analysis, the angular transformation was used on proportional explanatory variables to overcome the unity sum constraint. Other continuous variables with skewed distributions were log-transformed to approach normality and to reduce the influence of extreme values (see Table S1 in ESM). Each of the field, landscape and predator sets of variables were then ordinated by principal component analysis (PCA), followed by Varimax rotation on principal components (PCs) with eigenvalues >1.0 (Legendre and Legendre 1998) . PCAs were used to identify clusters of collinear variables (i.e. groups of variables with high loadings on the same PC), and then we extracted from each cluster a single representative variable to be used in subsequent analysis (Dormann et al. 2013 ). Using factor loadings as predictor variables to model predation and trampling rates produced qualitatively similar results to models where a representative variable was used, but these models had lower interpretability and explained less variation.
Nest predation and trampling rates were modelled in relation to the representative variables using generalized linear models (GLM), with binomial errors and logit link, and weighing the number of nests exposed per field. Analyses were carried out at the field level and not at the level of individual nests, because we were mainly interested in variables that were constant for all nests within each field (e.g. landscape composition and predator abundances). Explanatory variables were standardised before analysis, in order to allow comparability of model coefficients. For each response variable, model building was based on the information theoretical approach of Burnham and Anderson (2002) using the Akaike information criterion corrected for small sample sizes (AICc) and the corresponding Akaike weights (w i ). Candidate models were built considering all possible combinations of representative variables because information was lacking for selecting just a few a priori models. Only main effects were tested to reduce the possibility of obtaining spurious relationships, as there was no a priori reasons for selecting just a few of the large number of potential interaction terms. Uncertainty in model selection was accounted for with AICc-based multimodel inference and averaging (MI), which uses an estimated weighted average across all models based on model weights (Burnham and Anderson 2002) . The MI approach provides robust estimates of model parameters and higher accuracy of inferences regarding the magnitude of the effects of explanatory variables. Unconditional standard errors of estimates were used to evaluate the precision of model average estimates using a 95 % confidence interval (Burnham and Anderson 2002) . Average models were then used to infer the effects of each variable on failure rates. Variables with confidence limits including zero were considered to have equivocal meaning and with no significant effect on the response variable (Burnham and Anderson 2002) .
The relative contribution of field, landscape, and predator variables to explain variation in failure rates was assessed using a variation partitioning approach (Legendre and Legendre 1998) . Although any eventual statistical relation between predators and trampling rates was unlikely to be causal, predator variables were retained in variation partitioning for both predation and trampling rates, in order to allow comparability across analyses and to help identifying eventual confounding effects among sets of variables. Because variation partitioning does not accommodate average models, we selected for each set of variables the model with lowest AICc (see above). The pure and shared contributions of each set of variables were then estimated using the approach developed by Borcard et al. (1992) , with the extension for three groups of predictors (e.g. Heikkinen et al. 2004; Reino et al. 2013) . The estimated proportions of explained variation were based on the Nagelkerke R-square (Nagelkerke 1991) .
Results
Field and landscape patterns
Ordination of field variables produced dominant gradients related to the proportion of field border with hedges (PC1), vegetation height, which tended to be highest in unfenced fields (PC2), hedge height (PC3), and the proportion of bare soil and presence of roads (PC4) ( Table 1 ). The dominant landscape gradients were related to habitat fragmentation, as judged by the joint increases of edge density, hedge density and patch shape complexity (PC1); dominance of agricultural land uses, as judged by increases in agricultural cover and mean size of agricultural patches, and declines in cover by semi-natural habitats (PC2); density of tree lines and irrigation channels (PC3); and cover by tree plantations (PC4) ( Table 1) .
Predator assemblages
We recorded 16 species of mammalian carnivores and potential avian nest predators, eight of which occurred rarely (frequencies of occurrence <15 %; n =57) and were discarded from further analysis (Table S2 in ESM) to reduce the possibility of an excess of zero counts increasing the likelihood of detecting spurious relationships. Red fox and Egyptian mongoose were the most widespread mammalian carnivores (frequency of occurrence >90 %), together accounting for about 60 % of the detected signs. Cattle egret and carrion crow were the most widespread avian species (frequency of occurrence >85 %), together accounting for about 70 % of bird observations. The PCA produced axes contrasting abundance of Eurasian jay versus white stork (PC1), showing joint increases in the abundance of Egyptian mongoose and red fox (PC2), and contrasting abundances of carrion crow versus domestic dogs (PC3) ( Table 1) .
Nest survival
Predation and trampling rates per field were 0.18±0.23 SD (range 0-0.95) and 0.12±0.17 SD (range 0-0.65), respectively, and they were uncorrelated (R =0.22, P =0.106). In 28.1 % of the fields, overall nest loss was >50 %. The average model indicated that predation was highest in fields with short swards and high proportion of bare soil (Table 2 ; Fig. S1 in ESM) . There was a tendency, albeit less supported, for predation rate to decline with increasing field border by hedges (Table 2 ; Fig. S1 in ESM). Landscapes with higher abundance of mongooses and dogs and lower proportions of forest plantations were also associated with higher predation (Table 2 ; Fig. S1 in ESM) . Variation partitioning based on the best AICc-models (Table S3 in ESM) showed that explained variation was mainly accounted for by the unique and shared contributions of the field and predator sets of variables (Fig. 1) .
Model averaging suggested that trampling was highest in fields with short swards and high hedge height (Table 2 ; Fig. S2 in ESM), which were both related to the occurrence of livestock (Table 1) . Trampling was also high in landscapes with high dog abundance and tree line density, and low cover by semi-natural habitats and forest plantations (Table 2) , corresponding to the most intensive farmland landscapes. Variation partitioning showed that explained variation was mainly accounted for by the unique contributions of field and landscape sets of variables ( Fig. 1; Table 3 in ESM).
Discussion
Our data is in line with the view that trampling and predation can be significant sources of nest failure in intensive Mediterranean farmland, though overall nest loss was high (>50 %) in only about one quarter of fields. Results suggest that livestock may have a strong influence on failure rates, due both to the direct influence of trampling and the higher predation rates in short swards. There were also significant relationships between predator abundances and predation rates, which suggested that mammalian carnivores were more influential than avian predators and that Egyptian mongooses may be one of the most influential species. In contrast to other studies (Reino et al. 2010a; Ludwig et al. 2012) , the landscape-level amount and configuration of non-agricultural habitats showed minor influence on nest predation rates, and the local effect of hedges was supported only weakly.
The results reported in this study need to be interpreted with care, due to some methodological limitations and potential shortcomings. One potential problem is that artificial nests may under-or overestimate predation on real nests, because parental activity may either divert or attract predators (Major and Kendal 1996) . Also, predation rates could be overestimated due to the attraction of predators to fields with overly high densities of artificial nests (Major and Kendal 1996) , though few studies have actually detected density-dependent nest predation and this mechanism may operate only at higher densities than those in our study (Reitsma 1992; Gunnarsson and Elmberg 2008; Padysakova et al. 2010; Ringelman et al. 2012) . Nevertheless, there is a general consensus that nest predation estimates should not be extrapolated from artificial to real nests (Major and Kendal 1996; Villard and Pärt 2004) , though this does not invalidate spatial comparisons of nest predation patterns (Roos 2002; Batáry and Báldi 2005) . Much less is known about differences in trampling between artificial and real nests, though they appear to be smaller than in the case of nest predation (Mandema et al. 2013) . This is probably because cattle movements across grazing fields should be largely unrelated to the activity of breeding birds or nest concealment patterns (Mandema et al. 2013) .
Another potential problem is that predator guilds depredating real and artificial nests may differ (Major and Kendal 1996; Keyser et al. 1998; Thompson and Burhans 2004) . In particular, the quail eggs used in our study were probably inadequate to detect predation by small mammals (Roper 1992) , though these are often important nest predators in farmland landscapes (e.g. Ludwig et al. 2012 ; but see Santos and Tellería 1992) . Therefore, although the use of quail eggs was justified by our focus on avian predators and mammalian carnivores, it is possible that it may have underestimated predation risk in habitats where small mammals are particularly abundant or active. The extent to which these problems have affected our results is uncertain, because we could not obtain direct information on the actual predators involved in predation events. Furthermore, very little information is available at present on the identity of the most important nest predators in Mediterranean farmland landscapes (Santos and Tellería 1992; Reino et al. 2010a) .
A significant proportion of variation in both predation and trampling rates was accounted for by variables reflecting field management. Field variables appeared to be particularly important for nest predation, suggesting that predation was highest in fields with reduced vegetation height and a high proportion of bare soil. This is in line with previous studies suggesting that low concealment may increase the probability of nest detection by visual predators, which may cause high predation rates in short and sparse swards (Dion et al. 2000; Davis 2005) . It is likely that the sward structure in our study was a consequence of grazing intensity, though the relation between the frequency of occurrence of livestock and vegetation height was weak, albeit statistically significant (r =−0.34, p =0.009), and there was no relation with the proportion of bare soil (r = −0.15, p = 0.260). However, grazing intensity is notoriously difficult to quantify, requiring data on both stocking density and grazing schedule (i.e. number of days a pasture is stocked per year; e.g. Boschi and Baur 2007) , which could not be obtained in our study. Nevertheless, it may be hypothesised that high predation rates were a consequence of high grazing intensity, reducing vegetation height and thus increasing nest exposure to predators (see also Van der Wal and Palmer 2008) , though rigorous testing would require an experimental setting with detailed quantification of grazing intensity (e.g. Johnson et al. 2012) .
Trampling rates also appeared to be affected by grazing intensity, as suggested by the negative and positive effects of sward height and hedge height, respectively, which were both related to the occurrence of livestock. Although the proportion of variation explained by field management was relatively low, it is likely that stronger models could be built using more detailed data on stocking density and grazing schedule. Overall, results thus suggest that livestock grazing had two negative effects on nest survival, both directly through nest trampling (Pakanen et al. 2011; Mandema et al. 2013 ) and indirectly by increasing the exposure of nests to predators (Van der Wal and Palmer 2008) . In another study, however, stocking density affected vegetation structure and trampling risk, but not nest predation rate (Johnson et al. 2012) . Inconsistencies between studies may be related to differences in the composition of predator communities (Johnson et al. 2012) , further emphasising the need to identify the main nest predators in Mediterranean farmland (e.g. Ribic et al. 2012) . Although in our study we could not obtain direct information on the species predating the artificial nests, the correlative evidence provided suggests that Egyptian mongooses may be important nest predators in farmland landscapes. This idea is supported by research suggesting that several other mongoose species are major nest predators and may induce population declines in a range of bird species (Hays and Conant 2007; Lewis et al. 2011 ). Red fox is another predator that occurred in our study area and that is known to be an influential nest predator (Tryjanowski et al. 2002) . However, in our study the abundance of foxes was strongly correlated with that of mongooses, making it difficult to analyse their unique effect on nest predation. Nevertheless, models including foxes instead of mongooses had lower explanatory power, thus the correlative evidence suggests that the latter was indeed the most influential species. This is further supported by a study elsewhere in southern Portugal, where foxes were abundant and mongooses were scarce, and no correlation was found between foxes and nest predation rates (Reino et al. 2010a ). There was also correlative evidence for the effect of domestic dogs, which have been found elsewhere to reduce ground nest survival (Yanes and Suárez 1996) . Dogs were also positively related with trampling, but this relationship was probably spurious, resulting from the association of dogs with cattle herds. Lack of effects of corvids may be considered surprising, as they are often important nest predators (e.g. Andren 1992; Rodewald et al. 2011). However, our results agree with the previous studies showing that corvids exert stronger predation on shrub nests, whereas ground nests are mainly predated by mammals (Söderström et al. 1998 ). Finally, it should be noted that cattle itself can consume bird eggs (Nack and Ribic 2005) , which might have contributed for higher predation rate in fields with short swards and high stocking density.
Lack of marked effects of field hedges and landscape context on nest predation patterns may be considered surprising, as previous research has shown profound influences on predator abundance and activity and on nest predation rates (Pita et al. 2009; Reino et al. 2010a; Ludwig et al. 2012) . In particular, this result is in marked contrast with a study carried out in a nearby region, where nest predation was more related to landscape variables than to predator abundances (Reino et al. 2010a) . Reasons for this disparity are unclear, but may be related to the much wider gradient of habitat fragmentation covered by Reino et al. (2010a) , which may be needed to uncover landscape effects. The scarcity of mongooses in the area studied by Reino et al. (2010a) , may have further contributed to the differences observed between the two studies. Future studies should encompass a wider range of landscape contexts and predator communities, in order to further clarify the factors influencing nest predation patterns in Mediterranean farmland. In contrast to nest predation, trampling was related to local and landscape variables reflecting non-agricultural habitats. However, these relationships were unlikely to be causal, probably reflecting spurious correlations with local and landscapes conditions where grazing pressure was higher.
Overall, our study supports the need to address predation in agri-environment schemes targeting farmland birds (Van der Wal and Palmer 2008; Fletcher et al. 2010) . This is particularly urgent in Mediterranean farmland inhabited by ground-nesting grassland birds of conservation concern (Bota et al. 2005) , where livestock density (mainly cattle) is increasing (Reino et al. 2010b; Bernués et al. 2011) , and predators such as the Egyptian mongoose are expanding fast (Balmori and Carbonell 2012) and may benefit from increased water availability and edge habitats in intensive farmland landscapes (Pita et al. 2009 ). Predator control may thus need to be considered in some circumstances (Fletcher et al. 2010) , though this option is controversial and its effectiveness is uncertain Smith et al. 2010; Bodey et al. 2011) . For instance, net predation rate may increase after the removal of some predator species due to increased predation by others species (Dion et al. 2000 ). An alternative option to increase nest survival may thus require agri-environment schemes favouring low stocking rates (Van der Wal and Palmer 2008), which may help reducing the risks of both trampling and predation. However, information is still needed on the most adequate stocking rates, because too low grazing intensity may be inadequate to maintain habitat conditions for bird species of conservation concern, whereas too high a level of grazing may imply high predation and trampling rates (Sabatier et al. 2010) . While these prescriptions based on artificial nest survival patterns are expected to benefit ground-nesting birds, further support to its uptake and implementation would require additional information on the relationships between predators, survival of real nests, and bird populations.
